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Abstract:We describe the impact of physics education research-based pedagogical techniques in flipped and active-engagement
non-flipped courses on student performance on validated conceptual surveys. We compare student performance in courses that
make significant use of evidence-based active engagement (EBAE) strategies with courses that primarily use lecture-based (LB)
instruction. All courses had large enrollment and often had 100–200 students. The analysis of data for validated conceptual
surveys presented here includes data from large numbers of students from two-semester sequences of introductory algebra-
based and calculus-based introductory physics courses. The conceptual surveys used to assess student learning in the first and
second semester courses were the Force Concept Inventory and the Conceptual Survey of Electricity and Magnetism, respec-
tively. In the research discussed here, the performance of students in EBAE courses at a particular level is compared with LB
courses in two situations: (i) the same instructor taught two courses, one of which was a flipped course involving EBAEmethods
and the other an LB course, while the homework, recitations, and final exams were kept the same; (ii) student performance in
all of the EBAE courses taught by different instructorswas averaged and comparedwith LB courses of the same type also averaged
over different instructors. In all cases, we find that students in courses thatmake significant use of active-engagement strategies,
on average, outperformed students in courses using primarily LB instruction of the same type on conceptual surveys even
though therewas no statistically significant difference on the pretest before instruction.We also discuss correlation between the
performance on the validated conceptual surveys and the final exam, which typically placed a heavy weight on quantitative
problem solving.
Key words: evidence-based, active-engagement, flipped classes, just-in-time teaching, physics education research.
Résumé :Nous décrivons l’impact des techniques pédagogiques basées sur la recherche dans la formation en physique, utilisant
des cours inversés et des cours non inversés standard d’engagement actif, sur la performance des étudiants suite a` une enquête
pour valider l’acquisition des concepts (enquête conceptuelle). Nous comparons les performances des étudiants dans des cours
qui utilisent largement des stratégies d’implications actives basées sur des faits probants (SIAFP) avec des cours utilisant surtout
des cours magistraux (CM). Tous les cours comptent un grand nombre d’étudiants, jusqu’a` 100–200 étudiants. L’analyse de
données des enquêtes conceptuelles présentée ici, inclut des données provenant d’un grand nombre d’étudiants ayant suivi deux
sessions de cours d’introduction a` la physique, basés sur l’algèbre et sur le calcul différentiel. Les enquêtes conceptuelles utilisées
pour évaluer l’apprentissage des étudiants dans les cours de la première et de la deuxième session sont la Force Concept
Inventory et l’enquête conceptuelle portant sur l’électricité et le magnétisme respectivement. Dans la recherche rapportée ici,
nous comparons la performance des étudiants ayant suivi une formation SIAFP a` un niveau donné avec celle d’étudiants ayant
suivi une formation de CM dans deux situations : (i) le même professeur enseigne deux cours, l’un étant un cours inversé
impliquant la méthode SIAFP et l’autre étant un cours magistral, alors que les devoirs, tests et examen final sont les mêmes et
(ii) la performance des étudiants est moyennée sur tous leurs cours SIAFP donnés par des professeurs différents et comparée avec
le résultats pour des CM données par des professeurs différents. Dans tous les cas, nous trouvons que les étudiants soumis a` une
pédagogie active, performent en moyenne mieux que ceux qui suivent des cours magistraux, selon des enquêtes visant les
concepts, même si des tests préformation ne montraient aucune différence statistique entre les deux groupes. Nous discutons
aussi la corrélation entre la performance dans l’enquête conceptuelle et l’examen final qui reposait beaucoup sur la solution de
problèmes quantitatifs. [Traduit par la Rédaction]
Mots-clés : basé sur des faits probants, implication active, classes inversées, enseignement juste en temps, recherche en enseignement de la
physique.
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1. Introduction
1.1. Physics education research-based active engagement
methods
In the past two decades, physics education research has identi-
fied the challenges that students encounter in learning physics at
all levels of instruction [1–15]. Building on these investigations,
researchers are developing, implementing, and evaluating evidence-
based curricula and pedagogies to reduce these challenges to help
students develop a coherent understanding of physics concepts and
enhance their problem solving, reasoning, andmeta-cognitive skills
[16–27]. In evidence-based curricula and pedagogies, the learning
goals and objectives, instructional design, and assessment of learn-
ing are aligned with each other and there is focus on evaluating
whether the pedagogical approaches employed have been suc-
cessful in meeting the goals and enhancing student learning.
One highly successful model of learning is the field-tested cogni-
tive apprenticeshipmodel [28]. According to thismodel, students can
learn effectively if the instructional design involves three essential
components: “modeling”, “coaching and scaffolding”, and “wean-
ing”. In this approach, “modeling” means that the instructional
approaches demonstrate and exemplify the criteria for good per-
formance and the skills that students should learn (e.g., how to
solve physics problems systematically). “Coaching and scaffold-
ing” means that students receive appropriate guidance and sup-
port as they actively engage in learning the content and skills
necessary for good performance. “Weaning” means reducing the
support and feedback gradually to help students develop self-
reliance [28]. In traditional physics instruction, especially at the
college level, there is often a lack of coaching and scaffolding:
students come to class where the instructor lectures and does
some example problems; then students are left on their own to
work through homework with little or no feedback. This is akin
?>to a piano instructor demonstrating for the students how to
play the piano and then asking students to go home and prac-
tice. This lack of prompt feedback and scaffolding can be det-
rimental to learning.
Some of the commonly used evidence-based active engagement
(EBAE) approaches implemented in physics include peer instruc-
tion with clickers popularized by Eric Mazur from Harvard Uni-
versity [29–32], tutorial-based instruction in introductory and
advanced courses [33–35], and collaborative group problem solv-
ing [36–39] (e.g., using context-rich problems [11–12]). In all of
these evidence-based approaches, formative assessment plays a
critical role in student learning [40]. Formative assessment tasks
are frequent, low-stakes assessment activities that give feedback
both to students as well as instructors about what students have
learned at a given point. Using frequent formative assessments
helps make the learning goals of the course concrete to students,
as well as provides them with a way to track their progress in the
course with respect to these learning goals. When formative as-
sessment tasks, such as concept-tests, tutorials, and collaborative
group problem solving, are interspersed throughout the course,
the distinction between teaching and learning is blurred [40–41].
Moreover, technology is increasingly being exploited for peda-
gogical purposes to improve student learning. For example, just-
in-time teaching (JiTT) is an instructional approach in which
instructors receive feedback from students before class and use
that feedback to tailor in-class instruction [42–44]. Typically, stu-
dents complete an electronic pre-lecture assignment in which
they give feedback to the instructor regarding any difficulties they
have had with the assigned reading material, lecture videos, and
(or) other self-paced instructional tools. The instructor then re-
views student feedback before class andmakes adjustments to the
in-class activities. For example, Eric Mazur’s Perusall system [45]
allows students to read the textbook and ask questions electron-
ically and the system uses their questions to draft a “confusion
report” that distills their questions to three most common diffi-
culties. Then, during class, students may engage in discussions
with the instructor and with their classmates, and the instructor
may then adjust the next pre-lecture assignment based on the
progress made during class. It has been hypothesized that JiTT
may help students learn better because out-of-class activities
cause students to engage with and reflect on the parts of the
instructional material they find challenging. In particular, when
the instructor focuses on student difficulties in lecture that were
found via electronic feedback before class, it may create a “time
for telling” [46] especially because students may be “primed to
learn” better when they come to class if they have struggled with
the material during pre-lecture activities. The JiTT approach is
often used with peer discussion and (or) collaborative group prob-
lem solving interspersed with lectures in the classroom.
In addition, in the last decade, the JiTT pedagogy has been ex-
tended a step further with thematuring of technology [47–66] and
“flipped” classes with no in-class lectures have become common
with instructors asking students to engage with short lecture vid-
eos and concept questions associated with each video outside of
the class and using the entire class time for active engagement.
The effectiveness of flipped classes in enhancing student learning
can depend on many factors including the degree to which
evidence-based pedagogies that build on students’ prior knowl-
edge and actively engage them in the learning process are used,
whether there is sufficient buy-in from students and the incen-
tives that are used to get students engaged with the learning tools
both inside and, equally importantly, outside the classroom.
Moreover, research suggests that effective use of peer collabora-
tion can enhance student learning in many instructional settings in
physics classes including in JiTT and flipped environments, andwith
various types and levels of student populations. Although the
details of implementation vary, students can learn from each
other in many different environments. Integration of peer inter-
action with lectures has been popularized in the physics commu-
nity by Mazur. In Mazur’s approach [67], the instructor poses
concrete conceptual problems in the form of conceptualmultiple-
choice clicker questions to students throughout the lecture and
students discuss their responses with their peers. Heller et al.
showed that collaborative problem solvingwith peers in the context
of quantitative “context-rich” problems [11–12] can be valuable both
for learning physics and for developing effective problem-solving
strategies while others [68–70] have developed other instructional
strategies designed to help students develop a coherent knowledge
structure of physics.
Cognitive apprenticeship [28] is one framework that can be
used to understand why the EBAE instructional strategies that
take advantage of peer discussion and collaboration may be suc-
cessful in helping students learn. The EBAE pedagogies provide
instructors with an opportunity to receive feedback on common
student difficulties. The instructors often use this feedback to
adjust their in-class activities to effectively build on students’
prior knowledge, thus providing students with the necessary
coaching and scaffolding to help them learn. Peer discussion also
provides students with an opportunity to be coached by their
peers, who may be able to discern their difficulties even better
than the instructor, and carefully designed targeted feedback
from the instructor after the peer discussion can provide appro-
priate scaffolding.
1.2. Focus of our research: Comparing introductory physics
student performance in EBAE (flipped and non-flipped)
courses with lecture-based (LB) courses
In this study, we used the Force Concept Inventory (FCI) [71] in
the first-semester courses and the Conceptual Survey of Electricity
and Magnetism (CSEM) [72] in the second-semester courses to as-
sess student learning. The FCI, CSEM, and other standardized
physics surveys [71–78] have been used to assess introductory stu-
dent understanding of physics concepts by a variety of educators
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and physics education researchers. One reason for their extensive
use is thatmany of the items on the surveys have strong distractor
choices that correspond to students’ common difficulties, so stu-
dents are unlikely to answer the survey questions correctly with-
out having good conceptual understanding. In the research
discussed here, the performance of students in EBAE courses at a
particular level is compared with primarily LB courses in two
situations: (i) the same instructor taught two courses, one of
whichwas a flipped course involving EBAEmethods and the other
an LB course, while the homework and final exams were kept the
same; (ii) student performance in all of the EBAE courses taught by
different instructors was averaged and compared with primarily
LB courses of the same type also averaged over different instruc-
tors. Whenever differences between these two groups were ob-
served (with students in EBAE courses performing better than
students in the LB courses), we investigated which students were
benefitting most from the EBAE courses (e.g., those who per-
formed well or poorly on the pretest given at the beginning of the
course). Finally, we were also interested in the typical correlation
between the performance of students on the validated conceptual
surveys and their performance on the final exam, which typically
places a heavy weight on quantitative physics problems.
1.3. Framework used in our research exploring the
effectiveness of EBAE pedagogies
We compare introductory physics student performance in EBAE
flipped and active-engagement non-flipped courses with LB
courses with inspiration from several theoretical frameworks.
The overarching framework that is used for the instructional de-
sign of all of the EBAE courses in this study (whether flipped or
active-engagement non-flipped) was the cognitive apprenticeship
model [28, 79, 80]. This framework focuses on providing opportu-
nities to coach students and scaffold their learning. All of the
EBAE classes were designed to give students similar coaching and
scaffolding to develop their problem-solving and reasoning skills.
The EBAE courses focused on the cognitive approach to instruc-
tional design for various learning units and building on students’
prior knowledge to help them learn better. For example, Piaget’s
framework [81], which emphasizes “optimal mismatch” between
what a student knows and where the instruction should be tar-
geted for desired assimilation and accommodation of knowledge
to occur, was helpful in developing the instructional design. A
related framework is the theory of conceptual change put forth by
Posner et al. [82]. In this framework, conceptual changes or “ac-
commodations” can occur when the existing conceptual under-
standing of students is not sufficient for or is inconsistent with
new phenomena they are learning about. These frameworks also
suggest that these accommodations can be very difficult for stu-
dents, particularly when students are firmly committed to their
prior understanding, unless instructional design explicitly ac-
counts for these difficulties. The model suggests that it is impor-
tant for instructors to be knowledgeable about student ideas (e.g.,
which they may apply in inappropriate contexts to make incor-
rect inferences while solving physics problems). Within this
framework, students can be motivated by an anomaly that pro-
vides a cognitive conflict and illustrates how their conceptions are
inadequate for explaining a newly encountered physical situa-
tion, so they become dissatisfied with their current understanding
of concepts and improve their understanding. Taking inspiration
from these frameworks, EBAE instructors tried to focus on stu-
dent conceptions and their difficulties in learning physics to de-
sign instruction that produces the desired cognitive conflict and
learning.
2. Methodology
2.1. Courses and participants
The participants in this study were students in 16 different
algebra-based and calculus-based introductory physics courses
(more than 1500 students in first-semester courses and more than
1200 students in the second-semester courses) at a typical large
research university in the US (University of Pittsburgh). The
courses fall into three categories:
1. A LB course is one in which the primarymode of instruction is
via lecture. In addition to the three or four weekly hours of
lectures, students attended an hour-long recitation section
taught by a graduate TA. In recitation, the TA typically an-
swered student questions (mainly about their homework
problems, which were mostly textbook-style quantitative prob-
lems), solved problems on the board, and gave students a quiz
in the last 10–20 min.
2. A flipped course is one inwhich the classwas brokenup into two
almost equal size groups with each group meeting with the
instructor for half the regular class time. For example, for a
200-student class scheduled to meet for four hours each week
(on two different days), the instructor met with half the class
(100 students) on the first day and the other half on the second
day. This was possible in the flipped classes because the total
contact hours for each instructor each week with the students
was the same as in the corresponding LB courses. Students
watched the lecture videos before coming to class and an-
swered some conceptual questions that were based upon the
lecture video content. They uploaded the answers to those
conceptual questions before class onto the course website and
were graded for a small percentage of their grade (typically
4%–8%). Although students had towatch several videos outside
of class in preparation for each class, each video was typically
5–10 min long, followed by concept questions. On average,
students in a flipped class had to watch recorded videos that
took a little less than half the allotted weekly time for class
(e.g., for the courses scheduled for four hours each week, stu-
dents watched on average 1.5 h of videos each week, and in the
courses scheduled for three hours each week, students
watched around 1 h of videos). These video times do not in-
clude the time that students would take to rewind the video,
stop and think about the concepts, and answer the concept
questions embedded after the videos that counted for their
course grade. In the spirit of JiTT, the instructors of the flipped
courses adjusted the in-class activities based upon student re-
sponses to online concept questions, which were supposed to
be submitted the night before the class. About 90% of the
students submitted their answers to the concept questions
that followed the videos to the course website before coming
to the class. The web-platforms used for managing, hosting,
and sharing these videos and for having online discussions
with students about them asynchronously (in which students
and the instructor participated) were Classroom Salon or Pan-
opto. In-class time was used for clicker questions involving
peer discussion and then a whole class discussion of the con-
cept tests, collaborative group problem solving involving
quantitative problems in which 2–3 students worked in a
group (followed by a clicker question about the order of mag-
nitude for the answer to the quantitative problem on which
students worked collaboratively), and lecture–demonstrations
with preceding clicker questions on the same concepts. In
addition to the regular class times, students attended an hour-
long recitation section, which was taught the same way as for
students in the LB courses.
It is important to note that the instructors who taught the
flipped courses also taught LB courses at the same time (usu-
ally teaching two courses in a particular semester: one flipped
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and one LB). Students in both flipped and LB courses com-
pleted the same homework and took the same final exam. For
the calculus-based flipped courses, the students also took the
same midterm exams. This was not possible for the algebra-
based courses because the exams were scheduled at different
times. However, in the algebra-based courses they took the
same final exam and had the same homework. Additionally,
the instructors attempted to make the actual delivery of con-
tent (done via videos in the flipped courses and via in-class
lecture in the LB courses) very similar. Essentially, the content
of the videos was delivered in-class in the LB courses.
3. EBAE interactive non-flipped course. In this course, the in-
structor combined lectures with research-based pedagogies
including clicker questions with peer discussion, conceptual
tutorials, collaborative group problem solving, and lecture
demonstrations with preceding clicker questions on the same
concepts, similar to the flipped courses. In addition, students
attended a reformed recitation, which primarily used context-
rich problems to get students to engage in group problem
solving or worked on research-based tutorials while being
guided by a TA. The instructor ensured that the problems
students solved each week in the recitation activities were
closely related to what happened in class. Students also
worked on some research-based tutorials during class in small
groups, but if they did not finish them in the allotted time,
they were asked to complete them as homework.
2.2. Materials
The materials used in this study are the conceptual FCI and
CSEM multiple-choice (five choices for each question) standard-
ized surveys, which were administered in the first week of classes
before instruction in relevant concepts (pretest) and then after
instruction in relevant concepts (post-test). Apart from the data on
these surveys that the researchers collected from all of these
courses, each instructor administered their own final exam,
which was mostly quantitative (60%–90% of the questions were
quantitative, although some instructors had either the entire final
exam or part of it in amultiple-choice format with five options for
each question to make grading easier). Ten course instructors
(who also provided the FCI or CSEM data from their classes) pro-
vided their students’ final exam scores and most of them also
provided a copy of their final exam.
2.3. Methods
Our main goal in this investigation was to compare the average
performance of students in introductory physics courses that
used EBAE pedagogies with the average performance of students
in LB courses by using standardized conceptual surveys, the FCI
(for physics I) and CSEM (for physics II) as pre- and post-tests. We
not only calculated the average gain (post-test – pretest scores) for
each group, but also calculated the average normalized gain, which
is commonly used to determine how much the students learned
from pretest to post-test, taking into account their initial scores on
the pretest. It is defined as g = (%Sf −%Si)/(100 −%Si), inwhich Sf
and Si are the final (post) and initial (pre) class averages, respec-
tively. Then, Normg = 100g in percent [16]. This normalized gain
provides valuable information about how much students have
learned by taking into account what they already know based on
the pretest. We wanted to investigate whether the normalized
gain is higher in one course compared to another.
To compare EBAE courses with LB courses, we performed t-tests
[83] on FCI or CSEM pre- and post-test data. We also calculated the
effect size in the form of Cohen’s d defined as (1 − 2)/pooled,
where 1 and 2 are the averages of the two groups being com-
pared (e.g., EBAE versus LB) and pooled1222/2 (here 1 and
2 are the standard deviations of the two groups being compared).
Moreover, although we did not have control over the type of
final exam each instructor used in their courses, we wanted to
look for correlation between the FCI or CSEM post-test perfor-
mance and the final exam performance for different instructors
in the algebra-based and calculus-based EBAE or LB courses. In-
cluding both the algebra-based and calculus-based courses, 10 in-
structors provided the final exam scores for their classes. We used
these data to obtain linear regression plots between the post-test
and the final exam performance for each instructor and com-
puted the correlation coefficient between the performance of stu-
dents on the validated conceptual surveys and their performance
on the final exam for different instructors. These correlation co-
efficients between the conceptual surveys and the final exam
(with strong focus on quantitative problem solving) can provide
an indication of the strength of the correlation between concep-
tual and quantitative problem solving in introductory physics
courses.
Out of all introductory physics courses (algebra-based or calculus-
based physics I or II) included in this study, there were four EBAE
courses: two completely flipped classes in algebra-based introduc-
tory physics I and one completely flipped and one interactive EBAE
class in calculus-based introductory physics II.
3. Results
Table 1 shows the intra-group pre- and post-test data (pooled
data for the same type of courses) on the FCI survey for the
calculus-based and algebra-based physics I courses. For the algebra-
based courses, some were EBAE courses while others were LB
courses, whereas all the calculus-based courses were LB. We find
statistically significant improvements from the pretest to the
post-test for each group, but the normalized gain (Normg) is larg-
est (30%) for the EBAE courses.
Table 2 shows the intra-group (pooled data for the same type of
courses) pre- and post-test data on the CSEM survey for algebra-
based and calculus-based introductory physics II courses. We find
that there are statistically significant differences between the pre-
and post-test scores for each group but the normalized gain
(Normg) is largest (36%) for the EBAE courses.
Table 3 shows the inter-group FCI pre- and post-test score com-
parison between algebra-based LB and EBAE courses, first holding
the instructor fixed (same instructor taught both the LB and EBAE
courses, used the same homework and final exams) and second,
combining all instructors who used similar methods in the same
group (only one instructor used EBAE methods, but several who
taught LB courses were combined). Table 3 shows that there is no
statistically significant difference between the pretest scores of
students in the LB and EBAE courses in introductory physics I on
the FCI. Table 3 also shows that the effect sizes for comparing FCI
post-test performance of students in EBAE courses with students
in LB courses are 0.314 (same instructor teaching both courses
Table 1. Intra-group FCI pre- and post-test averages (mean) and standard
deviations (SD) for first-semester introductory physics in calculus-based
LB courses, and algebra-based flipped and LB courses.
Type of class FCI test N Mean SD p-value Normg
Calculus LB Pre 461 51% 21% <0.001 25%
Post 350 63% 20%
Algebra flipped Pre 299 35% 18% <0.001 30%
Post 262 54% 20%
Algebra LB Pre 837 35% 17% <0.001 23%
Post 738 50% 19%
Note: The number of students in each group, N, is shown. For each group, a
p-value obtained using a t-test shows that the difference between the pre- and
post-tests is statistically significant and the normalized gain (Normg) from pre-
to post-test shows how much students learned that they did not already know
based on the pretest.
Pagination not final (cite DOI) / Pagination provisoire (citer le DOI)
4 Can. J. Phys. Vol. 00, 0000
Published by NRC Research Press
Ca
n.
 J.
 P
hy
s. 
D
ow
nl
oa
de
d 
fro
m
 w
w
w
.n
rc
re
se
ar
ch
pr
es
s.c
om
 b
y 
U
N
IV
ER
SI
TY
 O
F 
PI
TT
SB
U
RG
H
 o
n 
01
/0
2/
18
Fo
r p
er
so
na
l u
se
 o
nl
y.
 
in the same semester) and 0.233 when different courses using
similar methods are combined (which are considered small
effect sizes).
Table 4 shows the inter-group CSEM pre- and post-test score
comparison between calculus-based LB and EBAE courses, first
holding the instructor fixed (same instructor taught both the LB
and EBAE courses and used the same homework and final exams)
and second, combining all instructors who taught using similar
methods in the same group. Table 4 shows that there is no statis-
tically significant difference between the pretest scores of stu-
dents in the LB and EBAE courses in introductory physics II on the
CSEM. Table 4 also shows that the effect sizes for comparing CSEM
post-test performance of students in EBAE courses with students
in LB courses are 0.357 (same instructor teaching both courses)
and 0.494 when different courses using similar methods are com-
bined (which are considered medium effect sizes).
Table 5 shows the average FCI pre- and post-test scores for
algebra-based and CSEM pre- and post-test scores for calculus-
based courses (Av-pre and -post), gain (post – pre), normalized gain
(Normg), and final exam scores (Av-fin) for students in the flipped
and LB courses taught by the same instructor (with the same
homework and final exam) with students divided into three groups
based on their pretest scores. A closer look at the gains and nor-
malized gains for the courses taught by the same instructor shows
that students in all of the three pretest score categories in the
flipped courses had higher gains and normalized gains than those
in the LB courses taught by the same instructor. Moreover, for
algebra-based physics I, the average final exam scores of the stu-
dents in the flipped course taught by the same instructor in all
three pretest categories are somewhat higher than the LB course.
Table 6 shows the average FCI pre- and post-test scores for
algebra-based and calculus-based courses (Av-pre and -post), gain
(post – pre), and normalized gain (Normg) for students in the
flipped and LB courses with students divided into three groups
based on their pretest scores. All equivalent (algebra-based or
calculus-based physics I) courses that used the same instructional
strategy (flipped or LB) were combined and students were divided
into three groups based upon their pretest scores. A closer look at
the gains and normalized gains for the algebra-based courses (for
which there are both flipped and LB groups) shows that students
in all of the three pretest score categories in the flipped courses
had higher gains and normalized gains than those in the tradi-
tional courses. In the calculus-based LB courses, the highest third
of the students had 83% and 82% as their FCI pretest and post-test
scores, respectively. In Table 6, we do not list the average final
exam performance because instructors used different exams that
varied in difficulty.
Table 7 shows the average CSEM pre- and post-test scores for
algebra-based and calculus-based courses (Av-pre and -post), gain
(post – pre), and normalized gain (Normg) for students in the EBAE
and LB courses with students divided into three groups based on
their pretest scores. All equivalent (algebra-based or calculus-
Table 2. Intra-group CSEM pre- and post-test averages (mean) and
standard deviations (SD) for second-semester introductory physics in
calculus-based LB and EBAE courses (here, EBAE flipped and interac-
tive non-flipped courses are combined) and algebra-based LB courses.
Type of class CSEM test N Mean SD p-value Normg
Calculus LB Pre 410 38% 14% <0.001 21%
Post 346 51% 17%
Calculus EBAE Pre 346 37% 16% <0.001 36%
Post 300 60% 19%
Algebra LB Pre 514 24% 11% <0.001 25%
Post 449 43% 17%
Note: The total number of students in each group, N, is shown. For each
group, a p-value obtained using a t-test shows that the difference between the
pre- and post-tests is statistically significant and the normalized gain (Normg)
from pretest to post-test shows how much students learned that they did not
already know based on the pretest.
Table 3. Inter-group comparison of the average FCI pre- and post-test
scores of algebra-based students in LB courses with EBAE courses
when both courses are taught by the same instructor and different
instructors using similar instructional methods are combined.
FCI test Group N Mean SD p-value Effect size
Same instructor
Pre LB 466 35% 17% 0.831 0.017
EBAE 262 35% 18%
Post LB 433 48% 20% <0.001 0.314
EBAE 262 54% 20%
Different instructors combined
Pre LB 837 35% 17% 0.901 0.009
EBAE 299 35% 18%
Post LB 738 50% 19% 0.001 0.233
EBAE 262 54% 20%
Note: The p-values and effect sizes are obtained when comparing the LB and
EBAE courses in terms of students’ FCI scores.
Table 4. Inter-group comparison of the average CSEM pre- and post-
test scores of calculus-based students in LB courses with EBAE courses
when both courses are taught by the same instructor and different
instructors using similar instructional methods are combined.
CSEM test Group N Mean SD p-value Effect size
Same instructor
Pre LB 178 40% 13% 0.895 0.013
EBAE 208 40% 15%
Post LB 154 48% 15% 0.001 0.357
EBAE 181 54% 19%
Different instructors pooled
Pre LB 410 38% 14% 0.886 0.011
EBAE 346 37% 16%
Post LB 346 51% 17% <0.001 0.494
EBAE 300 60% 19%
Note: The p-values and effect sizes are obtained when comparing the LB and
EBAE courses in terms of students’ CSEM scores.
Table 5. Average FCI pre- and post-test scores for algebra-based and
CSEM pre- and post-test scores for calculus-based courses (Av-pre and -post),
gain (post – pre), normalized gain (Normg), and final exam scores (Av-fin)
for students in the flipped and LB courses taught by the same instructor
(with same homework and final exam) with students divided into three
groups based on their pretest scores as shown.
Group Pretest split Av-pre Av-post Gain Normg Av-fin
FCI algebra (instructor 1)
LB Bottom 1/3 18 36 18 22 48
Middle 1/3 32 45 13 20 54
Top 1/3 54 66 12 27 65
Flipped Bottom 1/3 17 41 24 29 54
Middle 1/3 32 49 17 25 54
Top 1/3 56 74 18 40 65
CSEM calculus (instructor 2)
LB Bottom 1/3 26 35 9 12 43
Middle 1/3 39 46 8 12 53
Top 1/3 53 60 6 14 59
Flipped Bottom 1/3 25 42 18 24 51
Middle 1/3 39 49 11 18 56
Top 1/3 58 70 12 29 69
Note: Students in the LB or flipped courses with the FCI test for the algebra-
based course can be compared with each other and those with the CSEM test for
the calculus-based course can be compared with each other.
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based physics II) courses that used the same instructional strategy
(EBAE or LB) were combined and students were divided into three
groups based upon their pre-test scores. A closer look at the gains
and normalized gains for the calculus-based courses (for which
there are both EBAE and LB groups) shows that students in all of
the three pretest score categories in the EBAE courses had higher
gains and normalized gains than those in the traditional courses.
We should note that differences in normalized gain should be
interpreted carefully because we do not have a measure of the
variability of normalized gain, and thus, differences of 5% may or
may not be significant. We stress that we are not making state-
ments about significant differences between EBAE courses and LB
courses based on normalized gain, and any statements we have
made about significant differences are supported by statistical
analyses (e.g., Cohen’s d, or comparison of post-test results).
Figure 1 shows the CSEM post-test performance along with the
final exam performance for three different instructors in flipped
and LB calculus-based courses (one instructor taught an EBAE and
an LB course, two instructors taught LB courses). Fig. 1 shows that
the linear regressions [83] for the flipped and LB courses are fairly
similar and that there is a moderate correlation between CSEM
post-test scores and final exam scores. We also plotted linear re-
gressions for the algebra-based courses, but the data look similar
to Fig. 1 and so are not included here. Instead, we include all the
correlation coefficients (CSEM posttest versus final exam) for all
the courses for whichwemanaged to obtain post-test data. Table 8
summarizes the correlation coefficients between post-CSEM or
-FCI test and final exam scores for each instructor who provided
final exam data.
4. Discussion and summary
In all cases investigated, we find that on average, introductory
physics students in the courses that made significant use of EBAE
methods outperformed students in courses primarily taught us-
ing LB instruction on standardized conceptual surveys (FCI or
CSEM) in the post-test even though there was no statistically sig-
nificant difference on the pretest. This was true both in the
algebra-based and calculus-based physics I (primarily mechanics)
and II (primarily E&M) courses. Also, the differences between
EBAE and LB courses were observed both among students who
performedwell on the FCI or CSEM pretest (given in the first week
of classes) and also those who performed poorly, thus indicating
that EBAE instructional strategies help students at all levels.
On the other hand, the typical effect size for the differences
between equivalent EBAE and traditional courses is between 0.23–
0.49, which is considered small to medium. Thus, the benefits of
these EBAE approaches were not as large as one may expect to
observe. Why might that be the case and how can instructors
enhance student learning more than that observed in this inves-
tigation using EBAE instructional strategies?
There are many potential challenges to using EBAE instruc-
tional strategies.We list some of the possible challenges and some
strategies that may reduce those challenges. Many of these have
been described elsewhere [68, 84–96] so we provide only a short
summary:
• Lack of student engagement even with well-designed learning
tools,whichmayoccur formanydifferent reasons: lackof student
motivation, poor self-efficacy or poor time-management skills on
the part of the students, lack of effective incentives for students
to engage with the self-paced learning tools, etc. Strategies to
address some of these difficulties have been described (e.g.,
providing students with effective strategies to learn [97, 98],
using certain communication activities to foster student moti-
vation [84, 85]). Other strategies to address these potential is-
sues have also been described [87–89, 91–93].
• Lack of student engagement with in-class active learning activ-
ities (e.g., group problem solving). Many strategies to help ad-
dress this issue have been described (e.g., designing in-class
activities that foster both individual accountability and posi-
tive interdependence [11–12]). One example of fostering individ-
ual accountability is to include a short quiz or clicker questions
related to content students were supposed to learn when work-
ing in groups, and positive interdependence means that the
success of each student in a group is dependent on the success
of others. For other strategies to help foster student engage-
ment see refs. 84, 94, 95, and references therein.
• Student misconceptions about learning, or resistance to EBAE
instructional strategies, which could be addressed at the begin-
ning of the term by framing the instructional design of the
class [68, 96] and providing data on the effectiveness of the
evidence-based strategies being used (and conversely the inef-
fectiveness of, e.g., instructor explanations [99]).
• Large class sizes can be an impediment, and one approach fac-
ulty have used in flipped courses is to split the class in two, thus
forming smaller class sizes as well asmore room for students to
form groups and move around the classroom. Undergraduate
or graduate teaching assistants can also help in facilitating
in-class activities. In group activities, students often work at
different rates, and students who finish early can help others.
• Content coverage. There is often a lot of content covered in
introductory physics courses and itmay be challenging to cover
the same amount of content while also including frequent ac-
tive learning activities during class. Moving some of the con-
tent delivery outside of class (e.g., some pre-lecture reading or
Table 6. Average FCI pre- and post-test scores (Av-pre and -post), gain
(post – pre), and normalized gain (Normg) for students in the flipped
and LB algebra-based and calculus-based courses.
Group Pretest split Av-pre Av-post Gain Normg
FCI calculus
LB Bottom 1/3 31 46 15 22
Middle 1/3 55 68 13 28
Top 1/3 83 82 −1 −7
FCI algebra
Flipped Bottom 1/3 17 41 24 29
Middle 1/3 32 49 17 25
Top 1/3 56 74 18 40
LB Bottom 1/3 19 35 16 19
Middle 1/3 33 46 14 20
Top 1/3 55 68 14 30
Note: All courses in the same group were combined with students divided
into three groups based upon their pretest scores as shown. Students in the LB or
flipped algebra-based courses can be compared with each other.
Table 7. Average CSEM pre- and post-test scores (Av-pre and -post), gain
(post – pre), and normalized gain (Normg) for calculus-based students in
the EBAE and LB courses and algebra-based students in LB courses.
Group Pretest split Av-pre Av-post Gain Normg
Calculus CSEM
EBAE Bottom 1/3 22 51 29 37
Middle 1/3 35 57 22 34
Top 1/3 56 70 15 33
LB Bottom 1/3 23 39 16 20
Middle 1/3 35 47 12 19
Top 1/3 51 59 8 16
Algebra CSEM
LB Bottom 1/3 15 36 22 25
Middle 1/3 23 44 21 27
Top 1/3 35 51 16 25
Note: All courses in the same group were combined with students divided
into three groups based upon their pretest scores as shown. Students in the LB or
flipped calculus-based courses can be compared with each other.
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videos on certain “easier” concepts, or moving the entire con-
tent delivery outside of class like in a flipped course) can help
provide additional time for in-class activities.
We note that the instructors who taught the EBAE courses have
control of designing the courses themselves and the researchers
only provided them with guidance before and during on the in-
structors designing the courses. The instructors may not have
addressed some of the potential issues mentioned here suffi-
ciently (e.g., by framing the courses at the beginning of the term,
and providing incentives for students to engage both with in-class
and out-of-class activities). However, these issues are challenging
to fully address, especially in large classes, such as those involved
in this investigation (as suggested by the data), and iterative re-
finement of a course is needed to address them. Lastly, while we
provided the instructors with information about active learning
materials developed by physics education researchers, discus-
sions indicated that they adapted or created some of their own
materials to fit the way they preferred to teach, and the extent to
which the materials they adapted or created are conducive to
effective learning is unclear.
In addition, Henderson and Dancy [100] found that many in-
structors try certain EBAE instructional strategies, but some dis-
continue use after one or two semesters. The faculty members
who persist are usually the ones who get support from their peers
(e.g., developing faculty learning communities, working with in-
structional designers at local teaching and learning centers) be-
cause theremay bemany implementation difficulties specific to a
particular university even if a particular EBAE approach has been
found to be effective elsewhere. Interacting with others, even
from different departments, who have been engaged in evidence-
based teaching (e.g., visiting their classes, getting feedback from
them about one’s own classes, etc.) can be extremely valuable.
Often, teaching and learning centers are happy to send someone
to observe a class and provide feedback as well as suggestions for
future active learning activities.
Furthermore, we note that in this study, we found that student
performance in a non-flipped EBAE course (which used active
learning interspersedwith short lectures in class) was comparable
to student performance in a flipped course. It is important to
point out that the instructor in this EBAE course ensured that the
recitations are effectively used to promote active learning and
that the activities used in the recitation were closely tied to the
course learning goals. Flipping a course can be a time-consuming
process especially if the instructor is developing their own lecture
videos for the first time and they have not already implemented
EBAE strategies in their class. Therefore, it is encouraging to ob-
serve that one does not need to flip their course completely, but
can introduce EBAE activities in regular class and also in recita-
tion. These active learning activities and materials can be modi-
fied and improved after each use by getting feedback from the
Fig. 1. Linear regression of the CSEM post-test scores (conceptual) and final exam scores (heavy focus on quantitative problems) for four
calculus-based introductory physics courses shows the correlation coefficients between 0.438 and 0.598. There were no clear trends in the
correlation coefficients based upon whether the instructor (Inst) used EBAE strategies or whether the class was LB. [Colour online.]
Table 8. Correlation coefficients (R)
between post-CSEM or -FCI and final
exam scores for each instructor who
provided final exam data.
Instructor Course type R
Physics I (calculus)
1 LB 0.495
2 LB 0.589
3 LB 0.787
Physics I (algebra)
1 Flipped 0.559
LB 0.516
2 LB 0.693
Physics II (calculus)
1 EBAE 0.696
2 Flipped 0.488
LB 0.537
3 LB 0.483
Note: The final exam data were not pro-
vided by physics II instructors in algebra-
based courses.
Pagination not final (cite DOI) / Pagination provisoire (citer le DOI)
Karim et al. 7
Published by NRC Research Press
Ca
n.
 J.
 P
hy
s. 
D
ow
nl
oa
de
d 
fro
m
 w
w
w
.n
rc
re
se
ar
ch
pr
es
s.c
om
 b
y 
U
N
IV
ER
SI
TY
 O
F 
PI
TT
SB
U
RG
H
 o
n 
01
/0
2/
18
Fo
r p
er
so
na
l u
se
 o
nl
y.
 
students (and also getting feedback from the TAs teaching recita-
tion).
As discussed earlier, learning gains in EBAE courses were not as
high as one might expect. This should not be taken as discourage-
ment, but rather as an indication that effective teaching is an
iterative pursuit and one should learn from each course imple-
mentation and try to improve. The expectation that introducing a
lot of EBAE instructional strategies that have been found to be
effective elsewhere will result in large gains without refining the
material and implementation can deter instructors from continu-
ing the use of EBAE instructional strategies when the results are
less than expected, especially given the time commitment re-
formed teaching can take initially. Instead, one should continue
to make refinements and remember that any improvement in
student learning is worth the effort!
In summary, to enhance student learning in EBAE classes it
important not only to develop effective EBAE learning tools and
pedagogies commensurate with students’ prior knowledge, but
also to investigate how to implement them appropriately and
how to motivate and incentivize their usage to get buy-in from
students to engage with them as intended. Furthermore, for
flipped classes, it is especially important to investigate strategies
for having a diverse group of students engage with self-paced
learning tools effectively. Investigation of various factors that can
deter or incentivize their use is essential to develop a holistic
learning environment to help students with diverse backgrounds
benefit from the self-paced learning tools. Additionally, it will be
valuable to examine and compare the effectiveness of self-paced
learning tools (e.g., videos and concept questions provided to stu-
dents in flipped classes, when implemented in a controlled envi-
ronment in which students must effectively engage with the tool
one-on-one in front of a researcher versus an environment in
which students are free to use the tool in whatever manner they
choose. A framework for understanding and optimizing the fac-
tors that can support or hinder effective use of self-paced learning
tools (e.g., those students are asked to engage with in flipped
courses) would be helpful in developing and implementing self-
paced tools conducive to learning.
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